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A Virtual Clay Modeling System for 3D Free-form Design
Using Implicit Surfaces

MASATOSHI MATSUMIYA," HARUO TAKEMURAT
and NAOKAZU YOKOYAf?

We present a new interactive free-form modeling system based on the metaphor of clay
work. This paper discusses design issues and an immersive modeling system which enables
a user to design intuitively and interactively 3D solid objects with curved surfaces by using
one’s hand. Shape deformation can be expressed by simple formulas without complex calcu-
lations due to the nature of skeletal implicit surfaces employed to represent smooth free-form
surfaces. A polygonization algorithm that generates polygonal representation from implicit
surfaces is developed to reduce the time required for rendering curved surfaces, since con-
ventional graphics hardware is optimized for displaying polygons. The prototype system has
shown that a user can design 3D solid objects composed of curved surfaces in a short time by
deforming objects intuitively using one’s hand in real time.
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Fig.1 An appearance of the system.

HMD -
Graphics ~ OLYMPUS _——
workstation Mediamask@ |
SGI ONYX2

Glove deyice
issho Electronics
Supe Glove

3Dltrackers
| Polhemus

3SPACE Fasti a

02 000000
Fig.2 The system components.
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Fig.3 Dent deformation.
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Fig.4 Pinching deformation.
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Fig.5 Data flow diagram of the system.
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Fig.6 Effects of changing the weight w in skeletal
surfaces.
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Fig.7 An example of a field function.
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Fig.8 Effects of changing the slope of field function at
control point CP.
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Fig.9 Hermite curve as a field function.
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Fig.10 A sequence of dent deformation.
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Fig.11 A sequence of pinching deformation.
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Fig.12 Two voxel spaces: (a) conversion-voxel space and

(b) data-voxel space.
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Fig. 13 Decomposition of a conversion-voxel.
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Fig.17 An image rendered by using ray tracing: An
octopus.
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Fig.18 An image rendered by using ray tracing: A bird’s
head.
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019 0O0DDOOOOO 1
Fig.19 A sequence of modeling 1.
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Fig.22 An image created by using commercial software.
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Fig.20 A sequence of modeling 2.
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Fig.21 A sequence of modeling 3.
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